Cytotoxicities of propranolol (PL) and its active metabolite, 4-hydroxypropranolol (4-OH-PL), were examined in a human hepatoma cell line, Hep G2. Hep G2 cells were cultured in the presence of β-naphthoflavone (BNF, 25 or 50 µM), lansoprazole (LPZ, 25 or 50 µM) or 0.5% dimethylsulfoxide (vehicle) for 48 hr. The cells were harvested, and microsomal and cytosolic fractions were prepared by differential centrifugation methods. Various enzyme activities were determined as follows: microsomal 7-ethoxyresorufin (ER) O-deethylation as a CYP1A1 index, microsomal phenacetin (PN) O-deethylation as a CYP1A2 index, microsomal and cytosolic p-nitrophenyl acetate (NPA) hydrolysis as a carboxylesterase index and cytosolic 4-OH-PL sulfation as a sulfotransferase index. The pretreatment of Hep G2 cells with LPZ or BNF increased microsomal ER O-deethylase activities, and the potency of BNF was much higher than that of LPZ. Cytosolic 4-OH-PL sulfation was also elevated by the pretreatment with BNF but not with LPZ. Microsomal PN O-deethylase activity was not detectable in either the control or BNFpretreated group under the conditions used. Microsomal and cytosolic NPA hydrolase activities were similar between the control and the BNF-pretreated groups. Cytotoxicities of PL and 4-OH-PL were attenuated in BNFpretreated Hep G2 cells compared to non-pretreated Hep G2 cells. These results suggest that increased activities of microsomal CYP1A1 and cytosolic sulfotransferases by pretreatment with BNF may contribute to the attenuating the cytotoxicity of PL and 4-OH-PL in Hep G2 cells, at least in part.
INTRODUCTION
Propranolol (PL) is a typical β-adrenoceptor blocking agent often prescribed clinically. Following oral administration to humans, PL is extensively biotransformed to various oxidative metabolites such as 4-hydroxypropranolol (4-OH-PL), 5-OH-PL and N-desisopropylpropranolol (NDP). 1) These oxidative metabolites and also PL itself are excreted into urine or bile mainly in conjugated forms, i.e., glucuronides or sulfates.
2) The oxidation of PL is mediated by hepatic cytochrome P450 (CYP) enzymes, and the formation of 4-OH-PL is mainly catalyzed by CYP2D6, whereas that of NDP is mainly by CYP1A2 in human liver microsomes.
3)
It was reported that repeated administration of PL to patients resulted in increased systemic availability of PL. 4, 5) Although PL itself was demonstrated to inhibit CYP-dependent drug-metabolism, 6, 7) an inhibitory mechanism was proposed in which a reactive metabolic intermediate of PL covalently bound to CYP species catalyzing PL ring-hydroxylations. 8, 9) 4-OH-PL, one of major metabolites of PL, is a pharmacologically active metabolite whose β-blocking activity is almost equivalent to the parent compound. 10) 4-OH-PL is also a chemically reactive metabolite that covalently binds to proteins after conversion to a quinone metabolite, which may be one of the causes of inactivation of CYP2D enzymes by PL in the rat both in vitro and in vivo. [11] [12] [13] [14] In the course of our studies on the metabolic fate of 4-OH-PL, an appropriate cell system was required to screen the cellular toxicities of PL and 4-OH-PL. Hep G2 cells are a human hepatoma cell line that have various functions also observed in normal hepatocytes. Steiner et al. 15) found that the CYP1A enzyme activities were elevated in Hep G2 cells pretreated with 3-methylcholanthrene. Moreover, Walle et al. 16) found high sulfation activities towards some substrates in Hep G2 cells and proposed it as a good cell line for drugs that are subject to sulfation as a major metabolic pathway. In the present study, the Hep G2 cell line was thus employed to screen the cytotoxicity of PL and its major metabolite, 4-OH-PL, and the effects of the pretreatments with inducers of CYP1A enzymes on some drug-metabolizing enzymes in Hep G2 cells were examined.
MATERIALS AND METHODS
Chemicals ---PL hydrochloride, lansoprazole (LPZ), ethoxyresorufin (ER), resorufin, phenacetin (PN), acetoaminophene, p-nitrophenyl acetate (NPA), adenosine 3′-phosphate 5′-phosphosulfate, penicillin-streptomycin solution, and Williams' medium E were obtained from Sigma Chemicals (St. Louis, MO, U.S.A.) and trypan blue was from Nacalai Tesque (Kyoto, Japan). 4-OH-PL hydrochloride and 4-hydroxybunitrolol (4-OH-BTL) hydrochloride were supplied by Sumitomo Chemical Co. (Osaka, Japan) and Nippon Bohringer Ingelheim Co. (Hyogo, Japan), respectively. Fetal bovine serum (FBS) was purchased from Gibco BRL (Grand Island, NY, U.S.A.). Other reagents or solvents used were of the highest quality commercially available. Cell Culture ---Hep G2 cells were obtained from Riken Cell Bank (Ibaraki, Japan). Cells were cultured in Williams' medium E supplemented with 10% FBS and penicillin (100 units/ml)-streptomycin (100 mg/ml) at 37°C in a humidified 5% CO 2 atmosphere. When cells in 150 mm dishes were about 90% confluent, they were treated with LPZ or β-naphthoflavone (BNF) (25 and 50 µM final concentrations) dissolved in dimethylsulfoxide (DMSO) (0.5% final volume) or the same volume of DMSO for 48 hr. Following the treatment, the cells were washed with the culture medium containing no drugs, and further cultured for 24 hr without drugs. The cells were then suspended in ice-cold 100 mM potassium phosphate buffer (pH 7.4), frozen in liquid nitrogen and thawed in a 37°C water bath followed by homogenization with a Potter Elevehjemtype glass homogenizer and teflon pestle on ice. This process (freezing, thawing and homogenizing) was repeated five times, the final homogenate was centrifuged at 9000 × g for 20 min at 4°C, and the supernatant was centrifuged at 105000 × g for 1 hr at 4°C. The supernatant obtained was used as the cytosolic fraction. The resultant pellet was resuspended in 100 mM potassium phosphate buffer (pH 7.4) and used as the microsomal fraction. Cytotoxicity of PL and 4-OH-PL ---PL or 4-OH-PL was dissolved in distilled water, and added to the cell culture medium (50 and 100 µM final concentrations). Hep G2 cells were cultured in the medium containing BNF (50 µM) for 48 hr, and then the medium was changed to a fresh one containing no inducer, followed by further 24 hr of culture without BNF. The culture medium was then changed to the medium containing PL or 4-OH-PL described above, and cultured for 72 hr. The Hep G2 cells cultured with PL or 4-OH-PL were taken at different time intervals (0, 24, 48 and 72 hr), and the cell viability was measured by exclusion of trypan blue. Enzyme Assays ---Microsomal ER O-deethylase activity as an index of CYP1A1 was measured by the method of Sinjari et al. 17) Microsomal PN Odeethylase activity as an index of CYP1A2 was assayed according to the method of Sesardic et al. 18) Microsomal and cytosolic PNA hydrolase activities as an index of carboxylesterase were determined by the method of Forkert and Lee. 19) Cytosolic sulfotransferase activities toward 4-OH-PL were measured according to a published HPLC method. 20) In the 4-OH-PL sulfation assay, activities were calculated using peak height ratios of 4-OH-PL sulfate to 4-OH-BTL as an internal standard because of the lack of an authentic standard. Protein concentrations were measured by the method of Lowry et al.
21)

RESULTS AND DISCUSSION
Both LPZ 22) and BNF 23) are known to be typical inducers of CYP1A enzymes in human hepatocytes. Pretreatment of Hep G2 cells with LPZ (25 and 50 µM) increased ER O-deethylase activity by 4.2-to 4.8-fold that of the control cells pretreated with the vehicle (0.5% DMSO) only. BNF markedly increased the activity by 7.2-to 9.0-fold that of the control, whose effect was much higher than that of LPZ. These results were consistent with those of Steiner et al. 16) who showed that the pretreatment of Hep G2 cells with 3-methylcholanthrene (3-MC) increased the formation of NDP from PL, which was mainly mediated by CYP1A enzymes.
Sulfation activity toward 4-OH-PL in BNF-pretreated cells increased by 1.4-to 1.7-fold that of the control, although the activity was not changed by the treatment with LPZ (Fig. 1B) . Microsomal or cytosolic NPA hydrolysis activities were not changed by the pretreatment with LPZ or BNF under the conditions used in the present study (Figs. 1C and D) . In addition, no PNT O-deethylase activities could be detected either in the control or inducer-treated cells.
In preliminary experiments, 10 µM of BNF did not show such a clear increasing effect on 4-OH-PL sulfation. Since the highest inducing effect on ER O-deethylation was observed in Hep G2 cells pretreated with 50 µM BNF, the time course of ER Odeethylation and 4-OH-PL sulfation was then examined following the removal of BNF from the culture medium of Hep G2 cells pretreated with 50 µM BNF for 48 hr. As shown in Fig. 2A , the highest ER O-deethylase activity (17.0-fold that of 0 hr control) was observed in the cells cultured for 24 hr after the removal of BNF from the culture medium, and then the activity decreased quickly. Following the removal of BNF from culture, on the other hand, 4-OH-PL sulfation reached a peak at 48 hr (2.9-fold that of 0 hr control) and did not decrease so much even after culture for 72 hr (2.5-fold that of 0 hr control) (Fig. 2B) . On the basis of the results obtained, the cytotoxicity of PL or 4-OH-PL (50 and 100 µM) was exam- In the 4-OH-PL sulfation assay, activities were calculated using peak height ratios of 4-OH-PL sulfate to 4-OH-BTL as an internal standard because of the lack of an authentic standard. Each value is the mean of two determinations. ined in Hep G2 cells which had been cultured in the presence of 50 µM BNF for 48 hr followed by further culture for 24 hr without BNF. In the control Hep G2 cells without the inducer pretreatment (Fig. 3A) , both PL and 4-OH-PL decreased cell viability in a concentration-dependent manner. The percentage numbers of living cells to those of the control group without PL or 4-OH-PL (1.74 × 10 7 cells, taken as 100%) at 72 hr of culture were 74.6% (50 µM PL), 72.6% (50 µM 4-OH-PL), 62.1% (100 µM 4-OH-PL) and 60.9% (100 µM PL). Cell toxicity of PL and 4-OH-PL was attenuated by the pretreatment of Hep G2 cells with BNF (Fig. 3B) . The percentage numbers of living cells to those of the BNF-pretreated control group without PL or 4-OH-PL (0.60 × 10 7 cells, taken as 100%) at 72 hr of culture were 93.0% (50 µM PL), 89.1% (100 µM 4-OH-PL), 87.4% (50 µM 4-OH-PL) and 64.2% (100 µM PL). That is, BNF was found to protect cells from the toxicity of PL or 4-OH-PL at all concentra- Hep G2 cells were cultured in the medium containing BNF (50 µM) for 48 hr and the culture medium was changed to fresh BFN-free medium, followed by further culturing for 72 hr. Then, portions of the Hep G2 cells were taken at various time intervals (0, 24, 48 and 72 hr), and their microsomal and cytosolic fractions were prepared. In the 4-OH-PL sulfation assay, activities were calculated using peak height ratios of 4-OH-PL sulfate to 4-OH-BTL as an internal standard because of the lack of an authentic standard. Each value is the mean of two determinations. tions tested except for 100 µM PL. In the present study, the addition of PL or 4-OH-PL to non-treated Hep G2 cells decreased the viabilities to 60-70% that of the control cells to which only the vehicle (distilled water) instead of PL or 4-OH-PL was added. 4-OH-PL is known to be not only a pharmacologically active metabolite 10) but also a chemically reactive metabolite, [11] [12] [13] [14] so that the cytotoxicity of 4-OH-PL in Hep G2 cells might be comparable to the parent compound. The pretreatment of Hep G2 cells with BNF attenuated the cytotoxicity of both PL and 4-OH-PL.
We demonstrated previously that the oxidative metabolism of PL was mainly mediated by CYP2D6 as a ring-hydroxylase and CYP1A2 as an Ndesisopropylase in human liver microsomal fractions.
3) Recombinant human CYP1A1 and CYP1A2 were reported to oxidize PL efficiently. 24) However, the content of CYP1A1 is usually very low in the human liver. 25) In the course of performing the present study, Walle et al. 26) reported that CYP1A1 and glucuronosyltransferase UGT1A1 in Hep G2 were induced by various flavonoids. Furthermore, PN O-deethylase activity, a human CYP1A2 index, was not observed even in BNF-pretreated Hep G2 cells in this study. Therefore, it seems likely that PL added to the culture medium might be oxidized mainly by CYP1A1 induced in BNF-pretreated Hep G2 cells.
The major metabolic pathway of 4-OH-PL, on the other hand, is thought to be the conjugation (glucuronidation and sulfation) of a phenolic hydroxyl group in BNF-pretreated Hep G2 cells forming 4-OH-PL sulfate, although some amounts of 4-OH-PL may be oxidized to N-desisopropylated 4-OH-PL by CYP1A1 induced by BNF. The conjugation of 4-OH-PL by glucuronosyltransferases or sulfotransferases is thought to be a detoxication pathway, whereas the oxidation of PL by CYP1A1 does not seem to be a simple detoxication pathway. These circumstances may have caused the the low viability profile in BNF-pretreated cells to which 100 µM PL was added.
The present study demonstrated that pretreatment of Hep G2 cells with BNF increased 4-OH-PL sulfation as well as ER O-deethylation, and the toxicity of PL and 4-OH-PL in Hep G2 cells was attenuated by BNF-pretreatment. These results suggest that increased activities of microsomal CYP1A1 and cytosolic sulfotransferases by the pretreatment with BNF may contribute to attenuating the cytotoxicity of PL and 4-OH-PL to Hep G2 cells, at least in part. Further studies are necessary to elucidate which sulfotransferase species are induced by BNF in Hep G2 cells.
